Various chemoenzymatic processes involving resolution of racemic mixtures for the production of chiral compounds have found commercial applications (16) . Examples are processes for enantiomerically pure amino acids, versatile chiral building blocks for the synthesis of pharmaceuticals, agrochemicals, and food or feed additives (7-9, 12, 13) . Knowledge on the substrate specificity and enantioselectivity of the proteinases, amidases, and aminopeptidases involved in these processes is limited (6, 7, 10, 11, 14) . Here we report the purification and characterization of an L-aminopeptidase from Pseudomonasputida ATCC 12633, used as a whole-cell biocatalyst for the enantioselective hydrolysis of a broad range of D,L-amino acid amide racemates (1, 8) .
The racemic mixtures of amino acid amides used were obtained as follows. Starting out from the corresponding aldehydes, aminonitriles were derived via the Strecker reaction (HCN, NH3) and converted into the amides under alkaline conditions in the presence of a catalytic amount of a ketone. Enantiomerically pure amide and acid derivatives of phenylglycine (PG) and valine were prepared according to the enzymatic resolution process of DSM (1, 8) . Other enantiomerically pure amides were from Bachem (Bubendorf, Switzerland).
P. putida ATCC 12633 was grown in 10 liters of mineral medium (1.55 g of K2HPO4, 0.79 g of NaH2PO4 -H20, 0.077 g of MgCl2. 6H20, 0.2 ml of trace element solution [15] Fig. 1 ). Detergents such as Triton X-100, successfully used to extract an arginine aminopeptidase from membranes of * Corresponding author. (Fig. 2) , e.g., the serine protease inhibitors phenylmethylsulfonyl fluoride and diisopropylfluorophosphate. The enzyme thus resembles the alkaline serine proteinases (6) . In addition, the enzyme was inhibited by the chelators EDTA and o-phenanthroline and the thiol reagents p-chloromercuribenzoate and iodoacetamide but was stimulated by dithiothreitol (Fig. 2) . These phenomena may be due to the presence of a cysteine residue near the active site and the involvement of divalent metal ions in the catalytic mechanism.
The substrate specificity of the purified enzyme (1.2 to 1.8 ,ug) was tested with a range of amide substrates (50 to 100 mM) ( Table 2 ) and dipeptides (2 mM). The ammonium ions produced from the amide substrates were determined with an ammonia electrode system (Orion model 95-12). Amino acids produced from dipeptides were qualitatively analyzed on silica gel 60 F254 thin-layer chromatography plates (E.
Merck AG, Darmstadt, Germany) by using a chloroformmethanol-ammonia (60:45:20) mixture as a mobile phase, followed by spraying with a 0.3% ninhydrin solution and incubation at 125°C for 5 min. The enzyme was only active with a-amino acid amides with a H atom at the C. position.
Highest activities were observed with L-Leu-NH2 and L-PG-NH2. The enzyme was inactive with L-a-CH3-Val-NH2, the single a-methyl-substituted amino acid amide tested (Table  2) . High activities were also observed with the four aliphatic and aromatic dipeptides tested (L-Phe-L-Phe, L-Phe-L-Leu, L-Leu-L-Phe, and L-Leu-L-Leu), designating the purified enzyme as an L-aminopeptidase.
The kinetic properties (Km and Vm. values) of the purified enzyme (1.8 ,ug) were estimated from double-reciprocal and Eadie-Hofstee plots of initial rates of hydrolysis of amino acid amides as a function of substrate concentration ( Table  3 ). The enzyme displayed normal Michaelis-Menten type of kinetics for the six L-a-aminO acid amides tested (Table 3) , the products of which were determined by high-pressure liquid chromatography (HPLC) analysis (2) . The additional methyl groups at the C atoms (C,) CH3-CH2-CH2-CONH2
a Reactions were performed in Tris-H2SO4 (pH 8.0); activity towards L-PG-NH2 (100%) was 180 pmol. min-' mg of protein-'.
b Reactions were performed in TAPS-KOH (pH 9.0); activity towards L-PG-NH2 was 490 pmol-min-' mg of protein-'. matic amino acid amides tested, the lowest Km value was observed with L-Phe-NH2 containing a C3 atom without further substituents. However, in this case the highest catalytic efficiency was observed with L-PG-NH2, indicating that the presence of an aromatic ring directly adjacent to the COL atom has a strongly positive effect.
The enantiose!ectivity of the purified enzyme (2.1 ,g) towards racemic mixtures of Leu-NH2 and PG-NH2 (133 mM) was studied by chiral HPLC (3) to determine the concentrations of both the amino acid and the amino acid amide enantiomers after overnight incubation. The enzyme system displayed high L-enantioselectivity towards both the aliphatic and the aromatic a-H amino acid amide. The enantiomeric excess of the L-amino acids formed varied from 96% for PG to more than 99% for Leu, corresponding with calculated E values of 79 and more than 1,000, respectively (Table 4) .
Comparison of the characteristics of this P. putida aminopeptidase with those of other aminopeptidases and (amino) amidases described (e.g., reference 11) leads to the conclusion that this enzyme is unique not only with respect to its physicochemical characteristics but especially also concerning its high enantioselectivity and substrate specificity. Further studies are required to elucidate the physiological role of the enzyme and its reaction mechanism. enantioselectivity and substrate specificity, and W. Harder for stimulating discussions.
